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I. INTRODUCTION 

175-73 ; 1- 
During the  p a s t  q u a r t e r ,  no new i n v e s t i g a t i o n s  were begun, but  work 

s t a r t e d  i n  previous q u a r t e r s  was continued. Computations of t h e  r a d i a t i v e  

equ i l ib r ium d i s t r i b u t i o n  of temperature between the  cloud-base and the  

s u r f a c e  of Venus were completed, and t h e  r e s u l t s  a r e  presented i n  t h i s  

progress  r epor t .  To t he  e x t e n t  t h a t  t h i s  region of t h e  Venus atmosphere 

i s  i n  r a d i a t i v e  equi l ibr ium, and t o  the e x t e n t  t h a t  t he  computed temper- 

a t u r e  d i s t r i b u t i o n  i s  thermally s t a b l e ,  the r e s u l t s  provide e s t ima tes  

of t he  a c t u a l  temperature ve r sus  a l t i t u d e  d i s t r i b u t i o n  below the  clouds.  

T l - - l -  L - - r . 2  
W U L ~  ~ ~ d a  cuuLLiiued u n  the cons t ruc t ion  of a model r a d i a t i o n  budget 

f o r  t h e  p l ane t  Mars. I n  t h e  present r e p o r t ,  w e  desc r ibe  our  progress  

i n  t h i s  a r e a  and p resen t  a preliminary v e r s i o n  of t h e  average annual 

r a d i a t i o n  budget a t  the top of the Martian atmosphere. 

Thermodynamic diagrams f o r  the Martian atmosphere, a s  descr ibed 

i n  Quar t e r ly  Progress  Report No. 3 ,  a r e  being constructed and w i l l  be 

a v a i l a b l e  f o r  t he  F i n a l  Report. 

1 



11. METEOROLOGY OF VENUS 

The model used f o r  the computation of the r a d i a t i v e  equ i l ib r ium 

d i s t r i b u t i o n  of temperature between the cloud-base and the  su r face  of 

Venus has been described i n  Q u a r t e r l y  Progress Report N o .  3 .  Very 

b r i e f l y ,  i t  i s  assumed t h a t  t h e  cloud l a y e r  completely covers t h e  sky; 

both the  cloud-base and s u r f a c e  r a d i a t e  a s  black bodies;  t h e  atmospheric 

l a y e r  below the  cloud is  a grey absorber and i s  i n  i n f r a r e d  r a d i a t i v e  

equi l ibr ium; and both the  cloud-base and su r face  a r e  maintained a t  

f i x e d  temperatures,  which a r e  chosen t o  be i n  agreement with p re sen t  

i n d i c a t i o n s  of t hese  q u a n t i t i e s .  

The su r face  temperature i s  taken a s  700°K, based upon t h e  radio- 

wavelength emission observat ions.  The cloud-base temperature i s  taken 

a s  373°K (100°C)  based upon the  value of about 200°F ( 3 6 6 O K )  given i n  

the  report ,Mariner:  Mission t o  Venus. This value i s  only an e s t ima te ,  

since the cloud-base temperature has never been measured. The only 

o t h e r  parameter t h a t  must be spec i f i ed  before  computations can be 

performed i s  the i n f r a r e d  opac i ty  of the atmosphere between the  su r face  

and the  cloud-base. Since t h i s  parameter i s  unknown, we have per- 

formed computations f o r  a range of T va lues ,  including T = 1, 2,  3 ,  

5, and 10. The atmospheric l aye r  i s  broken up i n t o  15 i n t e r v a l s ,  and 

temperatures a r e  computed f o r  each i n t e r v a l .  The r e su l t s  a r e  pre- 

sented i n  Table 1. I n  t h i s  t a b l e  the  T va lues  a r e  mid-points of t h e  

l a y e r s  f o r  which the  temperatures were computed. 

b b 
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Table 1. Radiat ive equi l ibr ium temperatures below the  cloud on Venus. 

T 
b 

5 = 3  
b 

Ground 0 700 0 700 

.03 653 .07 665 

.10 645 .20 656 

. 1 7  637 .33 647 

.23 630 .47 638 

.30 623 -60 629 

.37 6 i 5  . I 3  620 

.43 608 .87 610 

.50 600 1.00 600 

-- 

0 700 

.10 672 

.30 662 

.50 652 

-70 643 

.90 633 

i . i O  622 

1.30 612 

1.50 600 

.57 592 

.63 584 

.70 575 

.77  565 

.83 554 

.90 543 

.97 529 

Cloud-base 1.00 373 

1.13 

1.27 

1.40 

1.53 

1.67 

1.80 

1.93 

2.00 

590 1.70 588 

578 1-90 575 

566 2.10 561 

553 2.30 546 

539 2.50 529 

522 2.70 510 

503 2.90 487 

373 3.00 373 

0 

.17 

.50 

.83 

1.17 

1.50 

i. 83 

2.17 

2.50 

2.83 

3.17 

3.50 

3.83 

4.17 

4.50 

4.83 

5.00 

700 0 

67 8 .33 

668 1.00 

658 1.67 

647 2.33 

636 3.00 

625 3.67 

613 4.33 

600 5.00 

586 5.67 

572 6.33 

556 7.00 

538 7.67 

518 8.33 

496 9.00 

468 9.67 

373 10.00 

700 

685 

67 4 

663 

652 

6 40 

628 

6 14 

600 

585 

568 

5 50 

530 

50 7 

480 

447 

373 
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For a grey atmosphere, the infrared opacity is proportional to the 

pressure, and we can determine the temperature distribution as a function 

of atmospheric pressure. We take the value p = 2 x 10 atm for the 

pressure at the cloud base; this value is based upon our temperature 

of 373'K and the temperature - pressure model atmosphere presented by 
Kaplan (1963). For the pressure at the surface, we take the value 10 atms 

again based upon Kaplan's (1963) model. 

-1 

For a grey atmosphere, we have 

where T is infrared opacity, a is the grey absorption coefficient of the 

atmosphere, p is density of the atmosphere, z is height, and p is pres- 

sure. Therefore, 

or 

where A = ( f  ) and B is a constant. A and B can be determined from 

the conditions T = T 

The resulting relationship is 

1 at p = 2 x 10- atm, and T = 0 at p = 10 atm. b 

10 T,, - 9.8 T 
P =  

'b 

This permits conversion of opacity (T) values t o  pressures (p). We have 

4 



p l o t t e d  the  computed temperatures versus  pressure  on a semi-log s c a l e ,  

and these  d i s t r i b u t i o n s  a r e  shown a s  Figures  1 t o  5. The semi-log s c a l e  

i s  approximately equal  t o  a l i nea r  h e i g h t  s ca l e .  On each diagram an 

a d i a b a t i c  curve i s  a l s o  p l o t t e d  from the  r e l a t i o n s h i p  

I n  genera l ,  t he  computed temperature curves a r e  c h a r a c t e r i s t i c a l l y  

super -ad iaba t ic  i n  the  atmospheric l a y e r  c l o s e s t  t o  t he  p l a n e t ' s  su r f ace  

and i n  t h e  l aye r  immediately below t h e  cloud top. This i s  not  su rp r i s ing ,  

f o r  previous r a d i a t i v e  equi l ibr ium computations have shown t h a t  t he re  i s  

a d i s c o n t i n u i t y  i n  temperature between t h e  su r face  and atmosphere a t  t he  

boundary of a l a y e r  i n  r a d i a t i v e  equi l ibr ium (See, f o r  example, Goody, 

1954). A s  t he  i n f r a r e d  opacity,+r i nc reases ,  t h e  depth of the l aye r s  

with super -ad iaba t ic  lapse  r a t e s  decreases ,  and the  lapse  r a t e i n  these  

l a y e r s  approach the  a d i a b a t i c  lapse- ra te .  Layers i n  which super -ad iaba t ic  

lapse  r a t e s  a r e  present  a r e  inherent ly  uns tab le ,and  convection and mixing 

w i l l  e f f e c t  a r e d i s t r i b u t i o n  hea t  energy such t h a t  the  f i n a l  l apse  r a t e s  

i n  these  l aye r s  w i l l  not  be super -ad iaba t ic .  Therefore,  i n  those l aye r s  

i n  which t h e  computed l apse  r a t e s  a r e  super -ad iaba t ic ,  t he  a c t u a l  lapse- 

r a t e s  a r e  probably c l o s e  t o  ad iaba t ic .  I n  those l aye r s  i n  which t h e  

computed lapse  r a t e  i s  sub-adiabatic,  and t h i s  inc ludes  most of t he  

atmosphere between the  sur face  and the  cloud-base,  t he  a c t u a l  temperatures 

should be q u i t e  s i m i l a r  t o  the computed temperatures .  

b' 
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Figure 1.. Cowutcc! radiative equilibrium temperature distribution 
betxeen surface and cloud-base on Venus for atmospheric 
infrared opacity of 1. Adiabatic temperature distribu- 
tion is also shown. 
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Figure 2. Computed radiative equilibrium temperature distribution 
between surface and cloud-base on Venus for atmospheric 
infrared opacity of 2. Adiabatic temperature distribu- 
tion is also shown. 
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Figure 5. Computed radiative equilibrium temperature distribution 
between surface and cloud-base on Venus for atmospheric 
infrared opacity of 10. Adiabatic temperature distribu- 
tion is also shown. 
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The a c t u a l  value of  the in f r a red  opac i ty ,  T ~ ,  between the cloud- 

base and the s u r f a c e  of the planet i s  unknown. Computations of the 

greenhouse e f f e c t  i n  the  Venus atmosphere (Ohring and Mariano, 1964) 

i n d i c a t e  t h a t ,  wi th  99% cloudiness,  i n f r a r e d  o p a c i t i e s  of 6 o r  7 f o r  

t he  e n t i r e  atmosphere a r e  required t o  maintain a s u r f a c e  temperature 

of 700°K. Since the  cloud base i s  l oca t ed  a t  2 x 10" atm, which i s  

2 x lo'* of t he  su r face  pressure,  most of the atmosphere i s  below the  

cloud base. Consequently, t he  in f r a red  opac i ty  of t h e  e n t i r e  atmo- 

sphere i s  a f a i r l y  good value f o r  the i n f r a r e d  opac i ty  of the sub-cloud 

l aye r .  Therefore,  the a c t u a l  temperature p r o f i l e  might b e s t  be repre- 

sented by a p r o f i l e  intermediate  between those computed f o r  T = 5 

and T = 10. b 

b 

The r a d i a t i v e  equ i l ib r ium temperature p r o f i l e s  computed i n  t h i s  

s tudy can be considered f i r s t  approximations t o  t h e  a c t u a l  v e r t i c a l  

temperature s t r u c t u r e  below the Venus cloud cover. The closeness  of 

t he  approximation t o  the  a c t u a l  temperature s t r u c t u r e  depends upon 

a number of f a c t o r s .  These include the  r e a l i t y  of the physical  model 

used i n  the  computations and t h e  e x t e n t  t o  which t h e  atmosphere below 

the clouds is  i n  i n f r a r e d  r a d i a t i v e  equi l ibr ium. 

11 



111. METEOROLOGY OF MARS 

Over the  course of a year ,  the amount of s o l a r  r a d i a t i o n  received 

by a p l ane t  is  balanced by the  amount of i n f r a r e d  r a d i a t i o n  emitted by 

the  p l ane t .  However, a t  any one t i m e ,  o r  a t  any one l o c a t i o n ,  incoming 

s o l a r  r a d i a t i o n  does not ,  i n  general ,  equal  outgoing i n f r a r e d  r ad ia t ion .  

The l a r g e  s c a l e  v a r i a t i o n s  of t he  d i f f e rence  between incoming and out- 

going r a d i a t i o n  r ep resen t  hea t  energy sources  and s inks ;  these  sources  

and s i n k s  a r e  the  d r iv ing  f o r c e s  of t he  genera l  c i r c u l a t i o n  of a plane- 

t a r y  atmosphere, and knowledge of t h e i r  magnitude and d i s t r i b u t i o n  i s  a 

b a s i c  requirement f o r  an understanding of p l ane ta ry  c i r c u l a t i o n s .  

The n e t  incoming s o l a r  r a d i a t i o n  a t  t he  top  of the  Martian atmo- 

sphere is s o l e l y  a func t ion  of the s o l a r  cons t an t ,  solar-Mart ian geome- 

t r y ,  and Martian p lane tary  albedo. The s o l a r  cons tan t  and the  requi red  

geometry a r e  w e l l  known; the  Martian p l ane ta ry  albedo,  and, i n  p a r t i c u l a r ,  

i t s  v a r i a t i o n s  wi th  l a t i t u d e  and season a r e  known t o  a l e s s e r  degree of 

accuracy. The outgoing r a d i a t i o n  depends upon the  su r face  temperatures ,  

and the  composition and temperatures of t he  atmosphere. Both composi- 

t i o n  and temperature,  e s p e c i a l l y  v a r i a t i o n s  wi th  l a t i t u d e ,  a l t i t u d e ,  and 

season, a r e  no t  known very wel l ;  however, t h e r e  i s  s u f f i c i e n t  information 

a v a i l a b l e  t o  a l low cons t ruc t ion  of atmospheric models t h a t  can be used 

f o r  pre l iminary  e s t ima tes  of t he  r a d i a t i o n  budget. 

examination of t he  problem, we s h a l l  a t tempt  t o  o b t a i n  a pre l iminary  

e s t ima te  of t he  annual r a d i a t i o n  budget of Mars - t he  average v a r i a t i o n  

I n  the  p re sen t  

12 



I 

with  l a t i t u d e  of incoming and outgoing r a d i a t i o n  a t  t he  top of the  

Mart ian atmosphere. 

The v a r i a t i o n  of incoming s o l a r  r a d i a t i o n  with l a t i t u d e  a t  t he  

top of the  Martian atmosphere - before c o r r e c t i o n  f o r  albedo los ses  - 
was computed some time ago by Milankovitch (1920). These va lues  a r e  

shown i n  column 2 of Table 2 and a r e  based upon a s o l a r  cons t an t  of 

2 c a l  cm min a t  t he  E a r t h ' s  d i s tance  from the  Sun. The v a r i a t i o n  

of Mart ian p lane tary  albedo wi th  l a t i t u d e  has  r e c e n t l y  been est imated 

by Sagan (1964), and the  average hemispheric v a r i a t i o n  i s  shown i n  

Table 2. By mul t ip ly ing  the  incoming s o l a r  r a d i a t i o n  by ( 1  - A ) ,  

where A i s  the  albedo,  one can obta in  the  i a t i t u d i n a i  Var i a t ion  OX 

ne t  incoming r a d i a t i o n ,  which i s  the incoming p a r t  of the r a d i a t i o n  

budget . 

-2  -1 

To determine the  outgoing r a d i a t i o n ,  knowledge i s  requi red  of 

t he  mean l a t i t u d i n a l  v a r i a t i o n  of su r face  temperature ,  of v e r t i c a l  

d i s t r i b u t i o n  of temperature,  and of atmospheric absorp t ion  cha rac t e r -  

i s t i c s .  I n  the  present  model, the mean l a t i t u d i n a l  v a r i a t i o n  of 

su r face  temperature is based upon Ohring e t  a l ' s  (1963) processing 

of G i f fo rd ' s  (1956) a n a l y s i s  of  mid-day rad iometr ic  observa t ions ;  

t h i s  processing cons is ted  of ex t r apo la t ion  of G i f fo rd ' s  temperature 

curves  t o  the  poles  and co r rec t ion  f o r  d i u r n a l  v a r i a t i o n s .  These 

s u r f a c e  temperatures a r e  shown i n  Table 2. 

For the  atmospheric temperatures and abso rp t ion  c h a r a c t e r i s t i c s ,  

i t  i s  assumed t h a t :  

13 
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Table 2. Annual r a d i a t i o n  budget of Mars. 

T F(0) 
IOU - A) g -2 - 1  Lat i tude  IO A 

deg cal  cm -2 min' 1 OK c a l  cm min 
~~~ - 

0 - 10 
10 - 20 
20 - 30 
30 - 40 
40 - 50 
50 - 60 
60 - 70 
70 - 80 
80 - 90 

I 

~- - 

0.262 

.254 

.240 

.220 

.195 

.167 

.139 

.125 

,118 

~~~~ 

0.200 

.185 

,178 

,185 

,180 

.160 

.150 

.165 

.185 

~~~ 

0.209 

.207 

.198 

,180 

.160 

140 

.118 

.lo4 

.096 

238 

238 

236 

234 

232 

228 

223 

218 

2 10 

0.194 

,194 

a 187 

181 

.175 

.163 

.149 

.136 

.118 
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1) The atmosphere consists of two layers: a troposphere, in which 

the temperature decreases with height at a rate of 0.9 times the adia- 

batic lapse rate, or about 3 . 3  K / h ,  and a stratosphere, in which the 

temperature remains constant with altitude. 

0 

2) The atmosphere acts as a grey absorber in the infrared region 

of the spectrum. 

With these assumptions, the atmospheric temperature structure can 

be written as 

0.25 T/T~ = (T/T~) 

where T is temperature, T is infrared opacity increasing downward from 

the top of the atmosphere, and the subscript g refers to the planet's 

surface. The black-body flux B is equal to aT ; therefore, 4 

The outgoing flux of radiation at the top of the atmosphere can 

now be written as 

Upon integration, this equation can be written as 

15 



If B which depends s o l e l y  on su r face  temperature,  and T and T~ 
g' g 

a r e  known, the  outgoing r a d i a t i o n  can be computed from ( 4 ) .  It i s  

assumed t h a t  T and 'I do no t  vary with l a t i t u d e .  The va lues  of T and 

T 

g t g 
t o  be used i n  ( 4 )  can be determined from the  requirement t h a t  t h e  t 

average incoming s o l a r  r a d i a t i o n  must equal  the average outgoing radia- 

t i o n  and t h e  assumption t h a t  t he  s t r a tosphe re  i s ,  on the  average, i n  

g ross  i n f r a r e d  r a d i a t i v e  equilibrium. The requirement can be w r i t t e n  

a s  

- T  
t - T  

g t 3 t  g 3 g  

- - 
Io(l - A) = F(o) = U'T ) + ( 2 / 3 ~  ) [ T  2E (T ) + e - T  2E (T )- e g ]  

where 7 

atmosphere, A i s  the  average Martian albedo, r~ i s  t h e  Stefan-Boltzmann 

is  the average incoming s o l a r  r a d i a t i o n  a t  t h e  top of t he  Martian 
0 - 

- 
cons tan t ,  and T i s  t h e  average surface temperature. The assumption can 

be w r i t t e n  a s  
g 

- 
F(o) = F(-rt) 

where F(o) i s  the  average outgoing i n f r a r e d  r a d i a t i o n  f l u x ,  and F(T ) i s  

the average i n f r a r e d  f l u x  a t  t h e  tropopause. 

t 

For t h e  p re sen t  model, 

t h i s  r e q u i r e s  t h a t  T and T be r e l a t e d  through t h e  following equation: 

2E ( T  - Tt)  + (2/T ) S g T  E 2 ( ~  - Tt)dT - 2 ( ~  /T ) [ I  - 2 E 3 ( ~ t ) ]  = 2E (T ) 

g t 
T 

3 g  g t g  3 g  

(7)  
t T 

T 

+ (2/2 )Jg T E2(z)d.r . 
16 
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The n e t  incoming s o l a r  r a d i a t i o n  can be w r i t t e n  i n  terms of an 

e f f e c t i v e  black-body f l u x  and temperature. 

- 4  - - 
I o ( l  - A) = Be = u Te . 

Given the  r a t i o  of T t he  observed average su r face  temperature,  
g J  

t o  'T the  e f f e c t i v e  temperature the  su r face  would have i n  the  absence 

of an atmosphere, i t  i s  poss ib l e  t o  determine z and T from Equations 

(5) and (7).  I n  Q u a r t e r l y  Progress Report No. 2 ,  we performed the  

r eve r se  computation; t h a t  is, given T , we computed (T / T  ) and -rt. 

e' 

g t 

g g e  

- 2  The average incoming s o l a r  r a d i a t i o n  i s  0.215 c a l  cm min-l; t he  

average albedo, from the  va lues  in  Table 2, i s  0.18. Consequently, t he  

va lue  of r i s  216OK. The average s u r f a c e  temperature,  from t h e  va lues  e 

i n  Table 2, is  233'K, so t h a t  the r a t i o  (T / T  ) i s  equal  t o  1.08. With 

T / T  = 1.08, we f i n d ,  from Table I1 of Quar te r ly  Progress  Report No.2, 
g e  

t h a t  T 

(4),  we f i n d  t h a t  

g e  

= 0.5 and zCt = 0.21. S u b s t i t u t i n g  these  va lues  i n t o  Equation 
g 

4 F(o) = .743 B = .743 (r T 
g g 

11 - 2  - 4  -1 o r ,  w i th  (r = 8.13 x 10- c a l  cm deg min , 

(10) 
4 F(o) = 6.04 x T 

g 

Using Equation (10) and the  s u r f a c e  temperatures l i s t e d  i n  Table 2, 

we have computed the  outgoing r a d i a t i o n  f l u x  a s  a func t ion  of l a t i t u d e ;  

t hese  va lues  a r e  tabula ted  i n  the l a s t  column of Table 2. I n  F igure  6 
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a r e  p l o t t e d  the  v a r i a t i o n  wi th  l a t i t u d e  of the  n e t  incoming s o l a r  r a d i a t i o n ,  

I o ( l  - A ) ,  and the  outgoing r ad ia t ion ,  F(o); t h e  l a t i t u d e  s c a l e  i s  a cosine 

s c a l e ,  so t h a t  l ength  i s  propor t iona l  t o  the  a rea  of a l a t i t u d e  b e l t .  

These curves r ep resen t  t he  annual r a d i a t i o n  budget of t he  p l ane t  Mars. 

It can be noted, from Figure 6 ,  t h a t  below l a t i t u d e  35 t h e r e  i s  a sur-  

p lus  of  energy, and above 35 there  i s  a d e f i c i t  of energy. These curves 

a r e  q u i t e  similar t o  those computed f o r  t he  Ear th  (See, f o r  example, 

London, 1957); f o r  t he  Earth,  t h e  cross-over  p o i n t  i s  a t  about 40 l a t i t u d e .  

Since t h e  temperature does not  r i s e  from year  t o  year  a t  e q u a t o r i a l  re- 

gions,  nor f a l l  a t  po la r  reg ions ,  t he  excess  hea t  energy i n  e q u a t o r i a l  

reg ions  must be t ranspor ted  to  higher l a t i t u d e s .  The average r a t e  of 

t r a n s p o r t  ac ross  a f i c t i t i o u s  wal l  a t  t he  cross-over  l a t i t u d e  can be 

determined from the  a rea  between the  n e t  incoming r a d i a t i o n  curve and 

the  outgoing r a d i a t i o n  curve, below the  cross-over  l a t i t u d e .  This t u r n s  

o u t  t o  be about 0 .5  x 10 

f i g u r e  i s  about 5 x 10 c a l  min ( a f t e r  London, 1957). The Mart ian 

va lue  i s  an o rde r  of magnitude less than the  va lue  f o r  t he  Ear th ,  and 

t h e r e  a r e  probably seve ra l  reasons f o r  t h i s .  

probably the  d i f f e rence  i n  su r face  a rea  between the  two p lane t s ;  the  

amount of hea t  energy t o  be t ransported p a s t  t he  cross-over  l a t i t u d e  

depends upon the  su r face  a r e a  of t he  p l ane t  below t h e  cross-over  l a t i t u d e -  

and Mars' su r face  a rea  i s  a f a c t o r  of 4 l e s s  than  t h e  E a r t h ' s  s u r f a c e  

a rea .  

i n  t he  dependence of outgoing r a d i a t i o n  wi th  l a t i t u d e .  

v a r i a t i o n  wi th  l a t i t u d e  of t he  outgoing r a d i a t i o n  depends e s s e n t i a l l y  

0 

0 

0 

16 c a l  min-l; f o r  t he  Earth,  t h e  corresponding 

16 -1 

The primary reason i s  

Another reason is  probably the  d i f f e r e n c e  between Ear th  and Mars 

On Mars, t he  
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on the  v a r i a t i o n  wi th  l a t i t u d e  of t he  su r face  temperature;  on Earth the  

l a t i t u d i n a l  v a r i a t i o n  of outgoing r a d i a t i o n  depends not  on ly  on the  

su r face  temperature v a r i a t i o n  but  a l so  on the  water  vapor v a r i a t i o n  wi th  

l a t i t u d e .  The l a t i t u d i n a l  v a r i a t i o n  of water  vapor i n  the  E a r t h ' s  

atmosphere causes the  l a t i t u d i n a l  v a r i a t i o n  of outgoing r a d i a t i o n  t o  be 

sma l l e r  than i t  would otherwise be. Hence, r e l a t i v e l y  l a r g e r  d i f f e r -  

ences between incoming and outgoing r a d i a t i o n  occur ,  r e s u l t i n g  i n  a 

l a r g e r  va lue  f o r  t he  amount of excess hea t  energy. 

With t h i s  information on the  annual r a d i a t i o n  budget, i t  is  poss ib l e  

f o r  dynamic meteoro logis t s  t o  i n f e r  t he  c h a r a c t e r i s t i c s  of t he  genera l  

c i r c u l a t i o n  of a p l ane t  (See, f o r  example, Mintz, 1961). We a r e  cur ren t -  

l y  s tudying these  r e l a t i o n s h i p s .  Besides the  annual r a d i a t i o n  budget, 

i t  is  d e s i r a b l e  t o  have seasonal  r a d i a t i o n  budgets;  w e  have s t a r t e d  work 

along these  l i n e s .  
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I V .  ADMINISTRATIVE NOTES 

The p r i n c i p a l  i n v e s t i g a t o r  presented a paper on ChanPes i n  t h e  

Amount of Cloudiness and t h e  Average Surface Temperature of t h e  Earth 

a t  t h e  annual meeting of t h e  American Meteorological Society,  January 

29-31, 1964, i n  Los Angeles. The greenhouse model upon which t h i s  

paper w a s  based w a s  developed under t h e  p re sen t  c o n t r a c t .  

The a r t i c l e  The Ef fec t  of Cloudiness on a Greenhouse Model of t h e  

Venus Atmosphere, by George Ohring and Joseph Mariano, appeared i n  t h e  

January 1, 1964 i s s u e  of t h e  Journal  of Geophysical Research. The re- 

search repnr ted  o~ in this p a p e r  w a s  performed under t h e  p re sen t  con- 

t rac t .  

The American Meteorological Society has  i n v i t e d  t h e  p r i n c i p a l  

i n v e s t i g a t o r  t o  write an Educational Monograph on t h e  s u b j e c t  of The 
Atmospheres of t h e  P lane t s .  The Educational Monograph series of t h e  

American Meteorological Society,  a s e r i e s  of s h o r t  books on t h e  atmos- 

p h e r i c  sciences,  i s  designed f o r  high school s c i ence  s t u d r n t s .  

21 



V. FUTURE PLANS 

With t h e  present  c o n t r a c t  scheduled t o  terminate  on 4 March 1964, t h e  

p repa ra t ion  of t h e  F i n a l  Report will occupy most of our t i m e  f o r  t h e  r e -  

mainder of t h e  cont rac t .  
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